Objectives: The aim of this study was to test the efficacy of an antioxidant/anti-inflammatory supplement containing standardized lemon verbena (Aloysia triphylla, Lippia citriodora) extract and fish oil omega-3 fatty acid in a human pilot trial as an alternative treatment for joint management. Methods and design: First, antioxidant activity of the supplement was determined through an oxygen radical absorbance capacity (ORAC) assay. In a randomized, double-blinded placebo-controlled trial, 45 subjects with pain discomfort received the nutritional supplement or placebo for 9 weeks. Western Ontario MacMaster (WOMAC) and Lequesne's questionnaires, which are disease-specific measurements validated to measure joint dysfunction and pain, were administered and evaluated once per week in the placebo and intervention groups. Outcome measures: Pain and stiffness symptoms, and joint function were determined once per week through recording their respective WOMAC and Lequesne's scores in the placebo and intervention groups. Statistically significant differences were determined at every measurement point between the two groups. Results: Lemon verbena extract showed strong antioxidant properties as measured by the ORAC assay. The nutritional supplement containing standardized lemon verbena extract (14% verbascoside, w/w) and fish oil omega-3 fatty acid reduced symptoms of pain and stiffness significantly, and improved physical function as shown by WOMAC and Lequesne's scores after 9 weeks of treatment. WOMAC and Lequesne's total scores decreased 53% and 78%, respectively, at the end of the study compared to initial conditions. Onset of the effect was observed at the third and fourth weeks, when statistically significant differences were detected, compared to placebo. Conclusions: This pilot study reveals that supplementation with lemon verbena combined with omega-3 fatty acids may be considered for further investigation as a complementary and alternative treatment for improving joint status in subjects with joint discomfort.
Introduction

J
oint diseases, such as osteoarthritis (OA) and rheumatoid arthritis (RA), have quite different origins, but both are closely related to inflammation and oxidative stress. 1 OA is a common inflammatory degenerative condition of the joints associated with aging, leading to pain and decreased mobility, while RA is an autoimmune chronic inflammatory condition.
Oxidants play a significant role in the pathogenesis of a large number of inflammatory-related disorders. Chondrocytes, cells that maintain and restore cartilage components, are also sources of reactive oxygen species (ROS), which may damage cartilage. [2] [3] [4] [5] Reactive oxygen and nitrogen species (RONS) are responsible for damage on cartilage, synovial fluid structures, and mitochondria, which may also contribute to the age-related loss of chondrocyte function. 2, 4, [6] [7] [8] [9] Strong evidence suggests that RONS oxidative damage is present in aging and osteoarthritic cartilage, 10 which is correlated with the extent of cartilage damage. 11 Patients with chondral or meniscal lesions also have significantly increased levels of ROS in their synovial fluid.
Physical exercise may have either beneficial or injurious effects on the joints. Harmful effects of intensive physical exercise on articular cartilage are well-documented. 13 Increased risk of OA in the knee has been found among weight lifters 14 and soccer players. 15 Increased oxidative stress biomarkers following strenuous exercise, which correlate to reductions in muscle force as well as augmented joint and muscle pain, have been reported. Different forms of exercise and different lengths of overtraining can possibly lead to varying degrees of oxidative stress and impaired physical performance. 16 Medicinal plants are common sources of antioxidant or anti-inflammatory/immunomodulatory herbal agents that might help minimize the muscular and joint injuries related to oxidative stress and inflammation. Plant phytochemicals with antioxidant activity have also shown significant protective effects against inflammation-related chronic diseases. 1, 17 Lemon verbena (Aloysia triphylla, Lippia citriodora) is widely used as a food spice and as a medicinal plant in South America and Southern Europe. This plant has traditionally been used in infusions for treating asthma, colds, fevers, flatulence, colic, diarrhea, and indigestion. 18 Flavones, iridoids, and phenylpropanoids are the main compounds of this plant. Verbascoside is the most abundant compound 19 and it has strong antioxidant [19] [20] [21] and anti-inflammatory properties. [22] [23] [24] [25] Fish oils contain the long chain omega-3 polyunsaturated fatty acids (x-3 PUFAs; i.e., eicosapentaenoic acid [EPA: C20:5n-3] and docosahexanoic acid [DHA: C22:6n-3]), which are found in abundance in cold-water fish, such as salmon, trout, mackerel, and tuna. Evidence from animal and human studies shows that x-3 PUFAs have immunomodulatory effects. 26 Other studies have shown that fish-oil consumption reduces production of proinflammatory eicosanoids in RA. 27, 28 This has prompted researchers to investigate the usefulness of x-3 PUFAs for treating inflammatory conditions, such as RA, inflammatory bowel disease, systemic lupus erythematosus, psoriasis, asthma, etc. 1, 29, 30 The aim of the present study was to evaluate the ability of a nutritional supplement based on a combination of a lemon verbena extract and fish oil omega-3 fatty acid to improve the general condition of joints (pain, stiffness and function) in subjects who have joint discomfort. The evaluation was performed with disease-specific measurements that have been validated to measure joint dysfunction. In addition, the antioxidant activity of the lemon verbena extract used in the study and the final supplement was evaluated in vitro.
Materials and Methods
Reagents
2,2¢-Azobis (2-methyl-propionamine) dihydrochloride (AAPH), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox; Hoffman-La Roche), disodium fluorescein (3,6-dihydroxy-spiro[isobenzofuran-1[3H],9,[9H]-xanthen]-3-one) were purchased from the Sigma-Aldrich Corp. (Dorset, UK). Verbascoside was purified through semipreparative highperformance liquid chromatography (HPLC). 31 Doubledistilled deionized water was used throughout this work. All other compounds were of analytical, spectroscopic, or chromatographic reagent grade and were obtained from Merck KGaA (Darmstadt, Germany).
Analysis of verbascoside content of the lemon verbena extract. Lemon verbena extract was kindly provided by Monteloeder, Ltd. (Elche, Spain). A solution of the extract was prepared in water at 5 mg/mL, and analyzed by HPLC with a diode array-detection coupled to electrospray ion trap mass spectrometry technique (HPLC-DAD-ESI-MS/MS). HPLC system chromatographic procedures, identification, and verbascoside quantitation were identical to those previously described in the literature. 19 Determination of antioxidant capacity via oxygen radical absorbance capacity assay. To assay the capacity of the extract and supplement to scavenge peroxyl radicals, a validated oxygen radical absorbance capacity (ORAC) method, 32 which uses fluorescein (FL) as a fluorescent probe (ORAC FL ), was utilized with minor modifications. 33 ORAC values were expressed as lmole Trolox equivalents (TE) per g of antioxidant substance.
Design and methodology for the human intervention study
This was a double-blinded, placebo-controlled, randomized short-time study in participants with joint discomfort. Most participants agreed to maintain their regular physical activities. Each participant was treated with a placebo or the supplement for 9 weeks. A washout period of 2 weeks was included to discontinue any medication, physiotherapy, or dietary supplements until the end of the study.
Inclusion and exclusion criteria. The inclusion criteria were as follows: diagnosed joint discomfort/pain (knee, hip, elbow, hands, or shoulder) by a physician for more than 3 months; and age over 18. Both males and females were included. The exclusion criteria were: medication (NSAR, corticoids, antibiotics) use, except for cholesterol-lowering agents, antihypertonics, and antiarhythmics; and participants reporting allergies to plant products, vitamins, minerals, or any phytotherapy supplementation.
Randomization. Participants fulfilling the study criteria were randomized to receive placebo or the supplement, using a 12 · 12 randomization table. Capsules used in both groups were entirely indistinguishable from each other and the manufacturer (Laboratorium Medisan BV., Zevenbergen, The Netherlands) supplied the two types of capsules (placebo and supplement) in a codified form.
Study drug and administration. After giving written informed consent, 45 participants were enrolled in the study. Twenty-two (22) participants were assigned to placebo and 23 were assigned to the supplement. Each hard gelatin capsule of supplement (0.6 g) contained 370 mg of fish-oil powder EPA/DHA (10/8) and 230 mg of the standardized lemon verbena extract (14% w/w verbascoside). Each group, placebo (n = 22) or supplement (n = 23), consumed 6 capsules per day (before every meal) from weeks 1 to 5. Then, starting at week 6 until the end of the study (week 9), the dose was halved and participants consumed 3 capsules per day. The content of verbascoside for 6 or 3 capsules (daily dosages) was 193 and 97 mg, respectively.
Primary endpoint measurements. Pain/stiffness and function were recorded according to the corresponding scoring obtained from the Western Ontario MacMaster (WOMAC) and Lequesne's questionnaires at the beginning of the study and weekly during the study. The participants completed the questionnaires a minimum of once per week (see Appendix 1 for details). These two questionnaires (Lequesne Index and WOMAC Osteoarthritis Index) are disease-specific measurements that have validated to measure dysfunction and pain in participants with knee or hip OA. [34] [35] [36] The WOMAC scale is a disease-specific, self-report multidimensional questionnaire for assessing pain, stiffness, and physical functional disability in OA. An adaptation of the WOMAC questionnaire was used in this study (see
FIG. 1.
Flow chart showing the dropout rate at different timepoints in the study.
LEMON VERBENA AND OMEGA 3supplemental data). The Lequesne Index is used to evaluate three components: pain/discomfort; maximum distance walked; and activities of daily living. Lower scores indicate a lesser degree of pain, stiffness, or physical dysfunction. In this study, pain + stiffness (PS) WOMAC score was calculated by the addition of their individual scores.
Statistical analysis. Statistical significance and comparison between the placebo and treatment groups at every week point were performed using a Wilcoxon two-sample test. A Wilcoxon matched-pairs signed-ranks test was used to compare baseline findings with those after every week of treatment in each group separately. All the data were expressed as mean -standard deviation (SD) unless indicated otherwise. Statistical significance was set at p < 0.05.
Results and Discussion
Evaluation of the composition and antioxidant capacity of the supplement and its components
The character of the main active compounds in the lemon verbena extract by HPLC-DAD-ESI-MS/MS analysis has been reported. 19, 37 Phenylpropanoids were the major compounds in the extract utilized in the present study, with verbascoside, also known as acteoside, being the most abundant one, quantitated as 14.75% -0.85 (w/w). As has been previously reported, other phenylpropanoids and diglucuronidated flavones were also present in the lemon verbena extract. 19, 37, 38 The antioxidant capacity of verbascoside and the lemon verbena extract used in the supplement was quantified by ORAC assay, which is an antioxidant measurement based on a hydrogen atom transfer (HAT) reaction. 32, 39 Whereas pure verbascoside (97% w/w) showed an ORAC value of 7307 -66 lmol TE/mmol (11710 -106 lmol TE/g), lemon verbena extract (14%) had an ORAC value of 5183 -300 TE/g. It was noted that the theoretical ORAC value of the extract obtained based only on a verbascoside contribution would have been 1639 lmol TE/g dw; however the value obtained was more than three times this value. It was then postulated that other minor components of the extract, such as flavones, could be contributing to enhance the antioxidant capacity of the extract in an additive manner. An ORAC FL value of 4075 -234 TE/g dw for a lemon verbena extract containing 20% verbascoside 19 has been reported. Despite the lower verbascoside content of the extract used here, a higher ORAC value was obtained instead, which may have been the result of the higher flavone content of this extract. This additive behavior has been also previously observed for lemon verbena extract and verbascoside by using the Trolox equivalent antioxidant capacity (TEAC) assay. 19 The experimentally determined ORAC value of the complete supplement (lemon verbena + omega 3 fatty acid) yielded 1065 -122 lmol TE/g. Given that one g of the supplement contained 383 mg of lemon verbena extract, a theoretical ORAC value of 1985 lmol TE/g would result. This difference could have been the result of inhibition of the ORAC assay by some excipients or omega 3 fatty-acid carriers present in the supplement.
An average person consumes *1200-1700 ORAC units per day (see: www.ars.usda.gov/is/AR/archive/feb99/ aging0299.htm). Researchers estimate a daily intake of 3000-5000 ORAC units to have a significant impact on plasma and tissue antioxidant capacity. Daily intake of lemon verbena in the human study presented here varied from 0.7 to 1.4 g. 
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Thus, the supplement would have provided 3500-7000 ORAC units per day, satisfying the established requirements.
Dropout rate of the study
Forty-eight (48) participants were enrolled for screening evaluation (Fig. 1) and after 3 exclusions, 45 participants were randomly assigned either to placebo or nutritional supplement groups, n = 22 and n = 23, respectively. Of these, 14 participants were withdrawn during the study for different reasons; there were 10 dropouts in the placebo group and 4 dropouts in the supplement group (treatment refusal, irregular treatment, starting on medication, or occurrence of an adverse event [AE]). Finally, 31 participants completed the study (12 in the placebo and 19 in the supplement group; Fig. 1 ).
Subjects' characteristics
No significant differences between the treatment group and the placebo group were detected with respect to average age, gender, body-mass index (BMI), or other physical characteristics (Table 1) . Most participants maintained regular physical activity. Both the placebo and intervention groups had similar sociodemographic characteristics (Table  1) , with a mean age of *39, a height of 171 cm, a weight of 76 kg, and a BMI of 26 (Table 1) .
Adverse effects
Only 1 patient reported an AE (i.e., a heartburn sensation). The subject, who was in the placebo group, stopped the treatment immediately and was excluded from the study (Table 1) . No major complications were reported by this subject.
Efficacy in joint discomfort measured by WOMAC and Lequesne's indexes
First, the WOMAC multidimensional questionnaire was used to assess pain, stiffness, and physical function of the joints throughout the study. Pain + Stiffness PS WOMAC parameter, Function (F) WOMAC parameter, WOMAC Total Score and Lequesne's Functional Index were determined for both groups prior to the intervention to establish baseline scores ( Table 2) . No statistical differences were found at baseline WOMAC and Lequesne's different scores between the two groups (Table 2) . Therefore, both groups could be considered to be very well-matched. A decrease in any of the absolute baseline scores for WOMAC or Lequesne's values must be interpreted as an improvement in the joint status.
The evolution of symptoms was determined by studying the weekly evolution in mean changes of (PS) WOMAC parameter ( Fig. 2A) , F WOMAC parameter (Fig. 2B) , WO-MAC Total Score (Fig. 2C) , and Lequesne's Functional Index for both groups (Fig. 3) . The comparison between baseline and endpoint of the study (week 9) for both WOMAC parameters, revealed a continuous decrease in the group having the nutritional supplement, indicating improvement of joint status and pain relief. Moreover, decreases of PS WO-MAC ( Fig. 2A) and F WOMAC (Fig. 2B) were significant starting at the third and fourth weeks, respectively ( p < 0.01 at the third week and p < 0.05 at the fourth week), compared to placebo, and continued to decrease until the end of the study. No significant changes in the PS and F WOMAC subscales were observed for the placebo group throughout the study. The total WOMAC index decreased approximately 20 points after 9 weeks in the group receiving the supplement (Fig. 2C) , meaning that there was a 53% decrease, compared to initial WOMAC value. After 21 days, significant differences ( p < 0.01 at the fourth week) were already observed when the supplement group was compared to the placebo group. In contrast, no changes were observed in the total WOMAC index for the placebo group either (Fig. 2C) . The Lequesne's questionnaire was also used as a complementary measurement to test the efficacy of the supplement. During the first 3 weeks, both placebo and supplement group had similar Lequesne's Functional Index scores (Fig.  3) . However, starting at the fourth week and, until the end of the study, significant differences ( p < 0.05 at the fourth week and p < 0.01 at the fifth week) were obtained in the supplement group, compared to the placebo group. The Lequesne Functional Index scores decreased continously in the supplement group until the end of the study; the scores dropped 78%, compared to the initial values. The placebo group had similar Lequesne's Functional Index scores throughout the study.
To the current authors' knowledge, this is the first intervention study to show, in subjects who had joint discomfort, improvement of the general condition of their joints, after consuming a nutritional supplement based on an herbal extract combined with omega-3 fatty acids. Recently, the use of different dietary supplements based on antioxidant/antiinflammatory herbal ingredients, vitamins or omega-3 fatty acid, has been reviewed for their ability to manage joint problems. 1, 40 These studies concluded that only intervention studies using cat's claw (Uncaria tomentosa), ginger (Zingiber officinale), 41 or omega-3 fatty acid seem to be reasonably supported. Moreover, weak evidence of efficacy was concluded by researchers who conducted a review of the use of vitamins and selenium for the same purpose. 42 Finally, metaanalysis studies of the use of chondroitin and glucosamine for joint diseases show that that symptomatic benefits of these supplements are minimal or nonexistent. 43, 44 In any event, most review studies agree that there is a clear need for well-designed, placebo-controlled double-blinded studies to determine the potential benefits of herbs for treating ROSmediated inflammatory disorders.
In addition, physical exercise associated with a low intake of antioxidant nutrients may cause greater vulnerability to oxidative stress. Thus, intake of an antioxidant-enriched diet is still the most cautious recommendation for minimizing the deleterious actions of free radicals that result from exercise. 45 Accordingly, several studies have revealed that moderate doses of dietary polyphenols diminish this exercise-induced oxidative stress and decrease inflammatory markers. [46] [47] [48] The supplement used in the current study could also lower the negative impact of physical exercise, because lemon verbena extract has shown significant free-radical scavenging properties, both in vitro 31 and in animal models. 1056 CATURLA ET AL.
Conclusions
In conclusion, this pilot study indicates that a standardized lemon verbena extract with antioxidant and anti-inflammatory properties may be used in combination with fish-oil omega-3 fatty acid as an alternative treatment for joint management. Use of the supplement for 9 weeks in subjects who had joint discomfort revealed a significant improvement of joint status and pain relief, compared to placebo. These results show that a combination of lemon verbena with omega-3 fatty acid may be considered for further investigation, either as an alternative treatment or to reduce the use of anti-inflammatory drugs in joint management.
JOINT PAIN and STIFFNESS Score: none = 0; low = 1; medium = 2; strong = 3; very strong = 4 Please, fill in the level of pain and stiffness felt during the treatment period once or twice weekly. Also mark from 0 to 4 the sensation felt practising the activities indicated in the JOINT HINDRANCE Score: none = 0; low = 1; medium = 2; strong = 3; very strong = 4 Please, fill in the level of pain and stiffness felt during the treatment period once or twice weekly. Also mark from 0 to 4 the sensation felt practising the activities indicated in the table. The START box must indicate the initial value of pain and stiffness felt the day before of starting the clinical trial.
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